The aim of this study was to investigate the effects of Myostatin (MSTN) and MyoGenin (MyoG) on goose skeletal muscle growth. In this study, MSTN and MyoG gene expression in breast and leg muscle of Zi and Rhine goose were detected by Real-time Polymerase Chain Reaction (PCR), and the correlations between genes expression levels and carcass traits were investigated. The results showed that the breast muscle weight and breast muscle percentage of Rhine goose were significantly higher than Zi goose (p<0.01). MSTN mRNA and MyoG mRNA expression in breast muscle of Zi goose were significantly higher than that of Rhine goose and the level of MSTN in leg muscle of Rhine was significantly higher than that of Zi goose (p<0.01). There was a significant difference between MSTN mRNA expression in breast muscle and in leg muscle of Zi goose (p<0.01). MSTN mRNA expression in leg muscle was significantly higher than that of breast muscle of Rhine goose (p<0.05). There was a significant difference between MyoG mRNA expression in breast muscle and in leg muscle of Zi goose and Rhine goose (p<0.01). There was a negative correlation between MSTN mRNA expression in breast muscle and body weight, breast muscle weight and breast muscle percentage.
INTRODUCTION
China is the world's largest producer of geese and produces about 500 to 650 million geese meat every year. China accounts for approximately 90% of all goose slaughter in the world, and it is increasing by 7% annually. As meat is the main part of goose for human consumption, the development of goose breast muscle and leg muscle has significant effect on the meat yield and muscle quality. It is very important to research the genetic background and molecular regulation mechanism of the development of goose skeletal muscle, and to speed up the process of goose breeding.
Myostatin (MSTN) and MyoGenin (MyoG) are two of the most important regulatory factors related to myoblast differentiation. MSTN also known as GDF8, is a transforming growth factor (TGF)-β superfamily member. MSTN is mainly expressed in skeletal muscle, and acts as a negative regulator of skeletal muscle growth (Joulia et al. 2003) . MSTN is expressed in the early development of skeletal muscle and continues to be expressed in adult skeletal muscle (McPherron et al., 1997; McCroskery et al., 2003) . Mice null for the MSTN gene shows a remarkable increase in skeletal muscle mass with some muscles increasing by 2-3 times in size compared with wild-type controls (McPherron et al., 1997) .
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The cell fate of skeletal muscle precursors is determined by the expression of MyoGenic regulatory factors (MRFs), which include Myf5, MyoD, MyoGenin (MyoG) and MRF4. MyoG is a unique gene that can be expressed in all skeletal cell lines in MRFs. MyoG gene expresses after Myf5 and MyoD and mainly engages in muscle differentiation process. Mice that lack MyoG continue to specify the muscle lineage through the formation of myoblasts. However, these mice show perinatal lethality, because of severe disruption of myoblast differentiation and muscle fiber formation, leading to the idea that MyoG is a differentiation factor in the MyoGenic process (Hasty et al., 1993; Moncaut et al., 2013; Nabeshima et al., 1993) . Studies of MSTN and MyoG have been mainly focused on gene structure and single nucleotide polymorphism (Zhang et al., 2011) and the correlation between gene expression and carcass traits is rarely reported .
In the present study, we take Zi goose and Rhine goose as research object which have significant differences in muscle development and deposition, real time-polymerase chain reaction (PCR) was used to ananlyze MSTN and MyoG mRNA, and the correlation of gene expression with carcass traits in goose was also analyzed. The result will provide the foundation for research on the molecular mechanism of goose skeletal muscle growth and development.
MATERIALS AND METHODS
Experimental materials
The eggs of Zi and Rhine geese of the same incubation batch were selected in the Experiment Farm of Animal Husbandry Research Institute, Heilongjiang Academy of Agricultural Sciences. The breast muscles and leg muscles were collected from 12-week-old geese that were raised under the same conditions. Samples were stored in liquid nitrogen immediately after collection and then transferred into a -70°C freezer in our laboratory. A total of 20 geese of each breed were sampled and carcass traits were measured after slaughter.
Extraction of total RNA and design of primers
The total RNA of muscle tissues was extracted following the instruction of TRNzol-A+ (TIANGEN)® total RNA extraction reagent, the purity and concentration of RNA were tested by 1.4 % agarose gel electrophoresis and UV spectrophotometer, followed by storage at -70°C until use.
The target gene and reference gene were designed based on the published sequences of goose and chicken MSTN and MyoG genes. Using the software of Primer Express 2.0, MSTN and MyoG primers were designed based on the sequence of AY448009.1 and NM_204184.1 accession numbers in GenBank respectively, and synthesized by Shanghai Invitrogen Biotechnology Co., Ltd. The primers were designed to cross exons to avoid genomic DNA contamination. β-actin was used as an internal control, and the length of the amplified fragment being 139 bp (Table 1) . 
RT-PCR reaction
The 10 µl of cDNA synthesis reaction mixture contained the following: 2 µl of 5× PrimerScript Buffer, 0.5 µl of PrimerScript RT Enzyme Mix I, 0.5 µl of Oligo dT (50µM), 0.5 µl of random 6 mers (100µM), 500 ng of total RNA, and RNase free deionized water. The reaction was carried out at 37 °C for 15 min and then at 85 °C for 5 s. The 25 µl of the PCR reaction mixture for the targeted DNA fragment amplification contained the following: 1.0 µl of cDNA template, 2.5 µl of 10× PCR buffer, 1.5 µl of Mg 2+ (25 mmol/l), 0.5 µl of each primer (10 μmol/l), 0.5 µl of dNTP (10 mmol/ l), 0.2 µl of Taq polymerase (5 U/µl), and 18.3 µl of deionized water. The PCR amplification program was as follows: initial denaturation at 95 °C for 15 min, denaturation at 95 °C for 20 s, annealing at 60 °C for 20 s, and extension at 72 °C for 20 s for a total of 33 cycles before the final extension at 72 °C for 7 min and storage at 4 °C.
Standard curve generation
A certain amount of cDNA template was sequentially diluted 10-fold. Then real-time PCR was run in order using these diluted products in gradient as a template. The values of the concentration gradient were input into the fluorescence quantitative PCR cycler. Monitoring the real-time reaction data, the system software generated the standard calibration curves for MSTN, MyoG and β-actin mRNA.
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Reaction system and conditions for Fluorescence Quantitative PCR The 20-µl reaction mixture contained the following: 1 µl of cDNA, 0.4 µl each of the upstream and downstream primers (10 μmol/l), 0.4 µl of ROX Reference Dye II (50×), 10 µl of SYBR Green Realtime PCR Master Mix (2×), and 7.8 µl of deionized water. PCR reaction conditions were as follows: 95 °C for 30 s, 95 °C for 5 s, 60 °C for 34 s, and storage at 4 °C. The dissociation curve was analyzed after amplification. A peak of Melting time at (85 ± 0.8) °C on the dissociation curve was used to determine the specificity of PCR amplification. The Tm value for each sample was the average of the real-time PCR data for triplicate samples.
Data processing and analysis
The 2 -ΔΔCt method was suitable for processing the relative quantification results. The following formula was used: ΔΔCT = (average Ct value of the target gene in the tested group-average Ct value of the housekeeping gene in the tested group) -(average Ct value of the control gene in the control group-average Ct value of the housekeeping gene in the control group). Ct (initial cycles) is the abscissa value of the intersection between the amplification curve and the threshold line, and it refers to the number of cycles at which the fluorescence signal strength reaches the required threshold during PCR amplification.
The univariate, ANOVA and bivariate correlation were conducted to analyze the influence of goose breed and tissue on gene expression. The correlation of MSTN and MyoG mRNA expression with goose carcass traits was also analyzed. All statistical analyses were performed using SPSS 17.0 software.
RESULTS
Carcass traits of Zi and Rhine geese
The details of carcass traits of Zi and Rhine geese are shown in the table 2. There were no significant differences in body weight, leg muscle weight and leg muscle ratio between Zi and Rhine geese (p>0.05). Significant differences were found in breast muscle weight and breast muscle ratio between the two breeds (p<0.01).
Results of total RNA extraction
Total RNA samples extracted from breast muscle and leg muscle were assayed by 1.4% agarose gel electrophoresis (figure 1). Three bands, representing 28S, 18S, and 5S, were observed with no bands from DNA contamination or significant degradation. This indicates the high purity of the extracted total RNA. 
Results of Fluorescence Quantitative PCR
After the PCR reaction, the amplification reaction kinetics curve of the reaction cycle number versus the detected fluorescence change was automatically generated based on the change of fluorescence values. The PCR amplification curve and the dissociation curve for the MSTN gene and MyoG gene are shown in figures 2 and 3. As shown in the two figures, a single specific peak was observed with the RT-PCR products for the MSTN gene and MyoG gene with no primer dimers or nonspecific reaction products.
The amplification efficiency curves for the MSTN, MyoG and β-actin genes are shown in figure 4. The detection threshold was set at the starting point of the exponential growth phase in the PCR amplification process. A quantitative standard curve was generated with the logarithm of the starting product quantity and the threshold cycle number. For the MSTN gene, the standard curve was Y=-3.30 X+ 38.81, with a slope of -3.30, an intercept of 38.81, and a correlation coefficient of 0.996. For the MyoG gene, the standard curve was Y=-3.27 X+ 40.10, with a slope of -3.27, an
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eRBCA-2019-0710 intercept of 40.10, and a correlation coefficient of 0.988. For β-actin, the standard curve was Y=-3.31X+34.52, with a slope of -3.31, an intercept of 34.52, and a correlation coefficient of 0.994. The correlation coefficients were very close to 1. The difference in the slopes between the target genes and the reference gene were 0.01 and 0.04 (<0.1), indicating that the amplification efficiencies of the target genes and the reference gene were the same. The 2 -ΔΔCt method was applied for quantitative calculation.
Expression levels of MSTN and MyoG in tissues
In breast muscle, the MSTN mRNA level in Zi geese was higher than that in Rhine geese (p<0.01). The MyoG mRNA level in breast muscle was significantly different between the two breeds (p<0.01). In leg muscle, the MSTN mRNA level in Zi geese was lower than that in Rhine geese. MyoG mRNA in leg muscle did not differ significantly between the two breeds (Table 3 ). There was a significant difference between MSTN mRNA in breast muscle and leg muscle of Zi geese (p<0.01). MSTN mRNA level in leg muscle was higher than that in breast muscle (p<0.05). MyoG 
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The correlation of MSTN and MyoG expression in muscle with carcass traits
The expression of MSTN mRNA was negatively correlated with MyoG mRNA expression in the breast muscle (r=-0.867). The expression of MSTN mRNA was negatively correlated with MyoG mRNA expression in the leg muscle (r=-0.527). The expression of MSTN mRNA in the breast muscle was negatively correlated with MSTN mRNA expression in the leg muscle (r=-0.808). The expression of MyoG mRNA in the breast muscle was positively correlated with MyoG mRNA expression in the leg muscle (r=0.572).
The correlations of expression of MSTN mRNA and MyoG mRNA in the muscle with carcass traits were also analyzed. The expression of MSTN mRNA in the breast muscle was negatively correlated with body weight, breast muscle weight and breast muscle ratio (r=-0.874, r=-0.683, r=-0.654). The expression of MyoG mRNA in the breast muscle was positively correlated with body weight (r=0.893). The expression of MyoG mRNA in the leg muscle was positively correlated with the body weight (r=0.680).
DISSCUSSION
Growth is a process where the body accumulates material through assimilation, the number of cells increases and the volume of tissue and organ enlarges. In this process, the individual's body size and weight increase. The growth of the animal has a certain regularity, there was a difference because of the variety of animals, the production use, the growth stage, the environment and so on. In this study, significant differences were found in breast muscle weight and breast muscle ratio between the two breeds. There were no significant differences in body weight, leg muscle weight and leg muscle ratio between Zi and Rhine geese.
MSTN is a negative regulator of skeletal muscle development and a member of the TGF-β super family. MSTN mRNA was detected at all prenatal and postnatal stages of animals (Kambadur et al., 1997; Ji et al., 1998) . There was different of MSTN mRNA expression between breeds and tissues. Lv (2015) reported that the expression of MSTN was significantly different in the different skeletal muscles and minimally expressed in the soleus muscle of sheep. Kuang (2014) reported that at the age of 84d ZIKA rabbits contained significantly lower MSTN mRNA level in both longissimus dorsi and biceps femoris muscles than Californian rabbits, and mRNA levels of MSTN exhibited opposite changes from the age of 35d to 84d. reported that MSTN mRNA level in the leg muscle in Taihu geese was significantly higher than that in Wanxi geese. In this study, the MSTN mRNA level in breast muscle in Zi geese was higher than that in Rhine geese (p<0.01). In leg muscle, the MSTN mRNA level in Zi geese was lower than that in Rhine geese. There was a significant difference between MSTN mRNA in breast muscle and leg muscle of Zi geese (p<0.01). MSTN mRNA level in the leg muscle was higher than that in the breast muscle of Rhine geese (p<0.05).
The present study results were not consistent with the previous research (Tang et al., 2013) . The reasons were that different breeds and different growth stages were chosen in this study. MSTN can negatively control the growth of muscle cells by inhibiting the transcriptional activity of MyoD family members. Its expression is negatively correlated with muscle weight (Weber et al., 2005) . In this study, The expression of MSTN mRNA in the breast muscle was negatively correlated with the body weight, breast muscle weight and breast muscle ratio (r=-0.874, r=-0.683, r=-0.654). The negative correlations of MSTN mRNA with the body weight and breast muscle weight suggest that MSTN might be a negative factor of breast muscle growth.
MyoG was a member of myogenic regulatory factors (MRFs) family and an important factor in regulating skeletal muscle development. It is evident that MyoG function cannot be compensated by any other MRFs. Following MyoG knockout, myogenesis begins but myoblasts do not differentiate into muscle fibers (Li, 2007) . Real-time Quantitative PCR was used to detect the expression of MyoG mRNA in different growing and developmental stages of goose muscle. The results showed that the expression of MyoG mRNA of breast muscle and leg muscle was significantly different (Song et al., 2013) . reported that the expression level of the MyoG gene in the breast muscle was higher than that in the leg muscle of Jinghai yellow chicken. In this study, The MyoG mRNA level in the breast muscle was significantly different between the two breeds (p<0.01). MyoG mRNA level differed significantly between the breast muscle and the leg muscle of two breeds (p<0.01).
The expression of MyoG mRNA in the breast muscle was positively correlated with body weight (r=0.893). The expression of MyoG mRNA in the leg muscle was Smad3 induced phosphorylation after MSTN bound with its receptor and enhanced the interactions between Smad3 and MyoD. MSTN can inhibit the activation and expression of MyoD factors by Smad3, and the resulting myoblasts do not differentiate into myotubes (Rebbapragada et al., 2003) . Sun (2010) reported that MSTN and MyoG synergistically promoted the development of muscle in the early developmental stages after birth.
In this study, the expression of MSTN mRNA was negatively correlated with MyoG mRNA expression in the breast and leg muscles. The expression of MSTN mRNA in the breast muscle was negatively correlated with MSTN mRNA expression in the leg muscle. The expression of MyoG mRNA in the breast muscle was positively correlated with MyoG mRNA expression in the leg muscle. These positive and negative muscle growth factors are in a balance to regulate muscle development.
CONCLUSION
In this study, the expression of MSTN and MyoG mRNA in skeletal muscle were studied and the correlation with carcass traits were analyzed. The results not only will provide a basis for the molecular mechanisms of muscle growth and development, but also had an important theoretical and practical significance in the molecular breeding of goose.
